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(54) FORMED COLLAGEN AND ITS PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain a formed collagen having higher vibration durability and strength than collagen gel 
while holding almost the same structure as collagen gel, less changeable of the hardness during storage, 
keeping bio-compatibility characteristic inherent to collagen gel and suitable as a material for a culture ' 
medium, an artificial blood vessel, etc. 

CONSTITUTION: An acidic collagen solution is added with an aqueous solution of an amino acid and a 
sugar, and a neutralizing solution to form collagen gel. This is brought into contact with a protein- 
crosslinking agent to react with each other. By the reaction, cross linkages are formed and the inner 
structure of the collagen is stabilized. Further, an aqueous solution of an inorganic salt is made to contact 
to remove useless components from the collagen gel. Subsequently, pure water is brought into contact to 
remove the inorganic salt by replacement. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go.jp/PA1 /result/detail/main/wAAA6oaiMvDA408283667P1 .htm 



2005/05/1 1 



<19>B*HHWW (JP) (12) & Hfj 4# ^ $g (A) 



#^^F8 -283667 

(43)&&BB ¥$8^(1996)10/329 3 



(5i)intci. e mmn frf*i®m&^ fi 

C0 9H 9/00 JGK C0 9H 9/00 J GK 

A 6 1 L 27/00 A 6 1 L 27/00 C 

Q 

B 0 1 J 13/00 B 0 1 J 13/00 E 



C 1 2 N 5/00 


9281 -4B 


C 1 2N 


5/00 

5feW^ WftSSCDgcll OL (£ 5 H) 


(21)ffllS## 


•MPF7 -88909 




000002141 










(22)fflM0 


¥f£ 7 ¥(1995)43146 




j££SBi&/IIKJK I &/l| 2TI5S8^ 
















ffcEr|J±(«5Ji4iSSIirr^4'©T27-4 3§K£EB 



































(54) [5gggcD£ffc] n 7— y>mmm^ ttom&xm 



(57) [Sft] 



(3) 



ftfflW- 8-283667 



7 — ?^(D?)\>ttfikW(DZ<D&?tj:X!jSLZf%& : L&5t 

t 3 =7— f>*fn,m.w J &Pi&o>mi&o)\i t> o 

1^3 7-7 >tt»*£««T -5 C fclc&S. 
[0 006] 

led: y3 7-y>7;u£J&J5fcSi*7;:&'. MSgroSgHSiJ 

£l$fflL sis^-e-sc: y. 37— y>y;KD«B 

lWB«BMl::«>:*EJ68T*. «tttttH£Sff$-i±f=S% 

+i=a»r « c t let y . 5feEj$a>3Bflm*>M£j£iftu 

*©flhT5-'»^»«aSSI!l*J:<l»*-e*, «b*lfc3 

[0007] Sn*.*^B^I*. Mtta 7— ^TltSjSlc* 
fDi$£ia*T3 7— y>-7\>U££j&£-t»-. Cftlz^SK 
8B«ffl£»*L KJS*1*-TSI«<b*1i\ a^—Visfn, 

*fc c t £ r 4= 
jul *L<i*c:*i&<o5s*5a**^r*i*. &51M4. c 

[0 0 0 8] SfeS&IOi. »14=l^ — y 

T3 7—7-*>y;K7)«ij£*ic^$-ti-fc^ m&wmffii 

£tfU£jft*«aiMI&U *l=«**«Htt*li-TWIB 
[0O0 9]*Mlj:. S?*S*Jlc«fci,ffliS£Dtillc, 35 

-y>y;KD«a*««L. 3 5-y>y;urtfi5i;7K$ 

fi#Lfc**S8«jBt£l6***Ztl=J:y, 37-^ 

<ts 37- ^*>y;u«)rtfflt>i.ai!C)afiEai=j:*?gjs© 

fj£#fec:4 y , BO*, 3 7— W^;UWSBI^nSP03J§iSA<g 
AL. rt»©»a36«n»0)**4'l=lit»Lr» 37-y 

[001 0]ffiffltS37-y>tLtlt 1137- 

f >tt E 3 7—7-* 7* ;u£ffi*fiTf €> t, © tfBliti 

*. 37- >f>yjH4IMlO)«liT?.tt^;KO»ttS«i* 



>^urt«©«IJtttllfc*L«. 37- ^>y;u4>l=fim 

stt;= <ta<fc ^ro-e, 5.&mM j t>&mm<D&&iz*&& 

[0 0 1 1] 3B«JWtLTI4, -»l=l±. g£g4>OT7 

ft h\ ^^fL/^y>7*-h. *;u7Hi?-f 
s K*>**tta)*flix7K**><b^tt<c if*«*if &*i<6 

•>t*— hj&<a^**</h* < , *^e§i-fc^Tii. 35 

•So ^SJCO^VU^^T^t KI4Sfflfl£f-*tLT#t££ 
[0 0 12] 3SISJ5JE&I4. 37— yVT^U^lcK'BL 

j^6rt4yiHH«*»it. 35— y>-v?K<trom«n±A< 

JBufcifr. 3 7-y >^;ucD^jt*AN &<0Me«i4*fti= 

[00 13] zcDKi8lti§ii£0>$§H:l4. 3 7-y^W 
IV CKD.fcdfcjBiS^a&^J: < Jitoi.t-ftlwl4, 37- 

JS<tLr(4^-Ky^A^*y'7A*^(f ^tiS. 

[0 0 14] 3 7-V*>y;Uct£ftfe^-tJr^7K5§; , iS 

14, =7— y>y;n*3SPi-j$^iw;SALr. 37-y 



(5) 



ftffiW- 8-283667 



fc«fctf]fc*HH-ei»S>3h.fca J 5— y ^u— h 
rtffi,!: ?18l=jbM7\ gig 3 cm. 1 O OE/^tf 2 4B# 
M«B £ -5- A . □ 5 - ? >KJBtt fc J: n 5 — > 

[00 2 6] Cftffl:&ltiI$OXftO)ltlO £12 
5 °CIZ fcUT 6 * M L , 3 7 — -7* >ISff^ 33«fc U 



»U *S£15i]3IZOL>TI*$i67K^i)DS.T=]5 — y 

MSi Ktt fc «fc t/Hgf^ 6 v E L fc * <7) I- o L»r 51 $ 

sans u iississcDjt^j 2©a 7 -y>y;Koai 

£ 1 0 ot LTttfltfbLfc. 
[0 0 2 7] 
[Si ] 







SftM*.tt 








«®!<24*B> 








9 7 




3 10 


3 2 0 


2. 


9 8 


mttz l 


3 0 0 


3 0 5 


3 


9 5 


mitts, l 


3 3 0 


3 3 0 




7 5 




3 2 0 


5 7 0 


2 


10 0 




10 0 


1 5 0 



[o o 2 8] um%£^it& 1 l:*Lfciyc, *^B^|- 



[0 0 2 9] 



The Journal of Biological Chemistry 

© 1988 by The American Society for Biochemiotry and Molecular Biology, Inc. 



Vol. 263. No. 2. Issue of January 15. pp. 980-987. 1988 
Printed in U.S.A. 



Fibril- forming Collagens in Lamprey* 

(Received for publication, July 6, 1987) 

Joanne Kelly*, Shizuko Tanakat, Thomas Hardtt, Eric F. Eikenberry§, and Barbara Brodskyjti 

From the ^Department of Biochemistry and tke ^Department of Pathology, University of Medicine and Dentistry of New Jersey- 
Robert Wood Johnson Medical School, Piscataway, New Jersey 03854 



Five types of collagen with triple-helical regions ap- 
proximately 300 nm in length were' found in lamprey 
tissues which show characteristic D-periodic collagen 
fibrils. These collagens are members of the fibril form- 
ing family of this primitive vertebrate. Lamprey col- 
lagens were characterized with respect to solubility, 
mobility on sodium dodecyl sul fate-poly acrylamide gel 
electrophoresis, carboxylmethyl-cellulose chromatog- 
raphy, peptide digestion patterns, composition, suscep- 
tibility to vertebrate collagenase, thermal stability, 
and segment long spacing-banding pattern. Compari- 
son with fibril -forming collagens in higher vertebrates 
(types I, II, III, V, and XI) identified three lamprey 
collagens as types II, V, and XI. Both lamprey dermis 
and major body wall collagens had properties similar 
to type I but not the typical heterotrimer composition. 
Dermis molecules had only a 1(1) -like chains, while 
body wall molecules had a2(I)-like chains combined 
with chains resembling lamprey type II. Neither col- 
lagen exhibited the, interchain disulfide linkages or 
solubility properties of type III. The conservation of 
fibril organization in type II/type XI tissues in contrast 
to the major developments in type I and type III tissues 
after the divergence of lamprey and higher vertebrates 
is consistent with these results. The presence of type II 
and type I- like molecules as major collagens and types 
V and XI as minor collagens in the lamprey, and the 
differential susceptibility of these molecules to verte- 
brate collagenase is analogous to the findings in higher 
vertebrates. 



The family of collagen molecules in higher animals with 
uninterrupted (Gly-X-Y) n triple-helical regions 300 nm in 
length and with the capacity to aggregate into fibrils with an 
axial period of D = 67 nm includes five distinct types of 
collagens: types I, tt, III, V, and XI (la, 2a, 3a) (1-3). These 
five collagens have been designated the fibril -forming or group 
1 collagens (1). Although these collagens show some sequence 
homology, especially in the distribution of charged residues 
(4-6), each genetic type has identifying characteristics, such 
as chain composition, amino acid composition, and the 
amount of hydroxylysine and hydroxylysine-linked disaccha- 
rides resulting from post-translational modification (7-9, see 
Table V). Group 1 collagens also differ in their susceptibility 
to vertebrate collagenase (10, 11): types 1 and III are cleaved 
rapidly and completely, while type II undergoes a slower, 
incomplete degradation and types V and XI are resistant to 
any cleavage. 



* This work was supported by National Institutes of Health Grant 
AR 19626. The costs of publication of this article were defrayed in 
part by the payment of page charges. This article must therefore be 
hereby marked "advertisement" in accordance with 18 U.S.C. Section 
1734 solely to indicate this fact. 

1 To whom correspondence should be addressed. 



Type I and II collagens are always major tissue components, 
while types V and XI constitute minor collagens in a tissue 
(1, 9). Type I is the predominant collagen in bone, tendon, 
and cornea, while type V is found as a minor component 
(usually less than 5%). Type II is the major collagen in 
cartilage, vitreous, and notochord, with type XI present in 
small amounts (less than 10%). Type III is found together 
with type I in skin, reticular tissues, and vascular tissues, 
where it constitutes 15-40% of total collagen. 

Fibril-forming collagens evolved early in the development 
of multicellular animals. D-periodic fibrils containing mole- 
cules with a characteristic distribution cf charged residues are 
found in many invertebrates (12-14). In the specialized tissues 
of vertebrates, a family of distinct fibril-forming types is seen. 
Lampreys, a member of the most primitive vertebrate class, 
have a collagen with al(I)-like chains in the dermis (15, 16), 
and have type II and XI collagens in the notochord (17, 18). 
Types I and II have been identified in sharks and bony fish 
(12, 19, 20), but it is only in avian and mammalian species 
that ail five types (I, II, III, V, XI) have been reported (7, 8, 
21, 22). 

We report here the collagens present in three tissues of the 
lamprey which contain D-periodic collagen fibrils: the dermis, 
notochord, and body wall. Five types of collagen with triple- 
helical regions 300 nm in length were found. Of these, three 
types were identifiable as II, V, and XI by their solubility, 
chain composition, amino acid composition, and susceptibility 
to vertebrate collagenase. The two other lamprey collagen 
molecules did not correspond to types I and III of higher 
vertebrates in their chain composition. 

MATERIALS AND METHODS 

Extraction and Purification — Mature lampreys (Petromyzon mar- 
inns) were obtained from the New Hampshire Fish and Game Com- 
mission. Tissues were dissected and diced on ice and all procedures 
were done at 4 *C (unless otherwise stated). Acid extraction of dermis 
and pepsin extraction of notochord and subcutaneous tissues were 
carried out as previously described (17, 23). Salt fractionation at 
neutral pH was performed on collagen solutions in 1 M NaCl, 0.05 M 
Tris, pH 7.5, by bringing the NaCl concentration in steps to 1.7, 2.0, 
2.6, and 5.0 M, with precipitates collected by centrifugation at 15 P 000 
rpm for 1 h in a Sorvall SS-34 rotor. Differential salt fractionation 
at acid pH was performed by bringing collagen solutions in 0.5 M 
acetic acid to 0.9 m NaCl and then to 1.2 m NaCl, with precipitates 
collected by centrifugation as above (7). 

Sodium dodecyl sul fate -poly acrylamide gel electrophoresis (SDS- 
PAGE) 1 was carried out as described (24, 25). Gels were stained with 
0.25% Coomassie Blue, 10% trichloroacetic acid and destained with 
7.5% acetic acid, 15% methanol. To reduce disulfide cross-links, 5% 
/5-mercaptoethanol was added to the SDS sample buffer and the 
sample boiled for 3-4 min prior to electrophoresis. 



1 The abbreviations used are: SDS-PAGE, sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis; CNBr, cyanogen bromide; SLS, 
segment long spacing; CMC, carboxymethylcellulose chromatogra- 
phy. 
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Fig. 2. SDS-PAGE (6% poly aery iamide gel) of five lamprey 
coliagens and the five higher vertebrate group 1 coliagens. 
Lane 7, lamprey dermis collagen; lane 2, lamprey body wall (subcu- 
taneous) collagen; lane 3, lamprey notochord type II; lane 4, lamprey 
notochord minor collagen, type XI; lane 5, lamprey bodv wall minor 
collagen (type V); lane 6, rat tail tendon type I collagen; lane 7\ calf 
type III collagen (reduced); lane 8, chick type II collagen; lane 9, chick 
type XI collagen; and Lane 10, chick type V collagen. 



lamprey coliagens (below) indicated none contained inter- 
chain disulfide bonds. 

Body Wall (or Subcutaneous) Collagen 

The subcutaneous layer of lamprey skin joins the muscle 
layer and is continuous with tissue surrounding the spinal 
cord and notochord sheath. Collagen in this layer is not 
solubilized by acid or neutral salt solution but can be extracted 
by pepsin treatment. Pepsin extraction of subcutaneous tissue 
yielded one major collagen and a minor component. The major 
collagen had a solubility similar to type [, precipitating at 0.9 
M NaCl at acid pH. During sequential salt fractionation at 
neutral pH, little collagen came out below 2.6 M NaCl (6%), 
with the majority precipitating at 2.6 M NaCl (47%) and 3.0 
M NaCl (41%). On SDS-PAGE this collagen shows two bands 
running near al(I) which are often not resolved, and one 
band near a2(I) (Fig. 2, lane 2). We denote these three chains 
as al, al', and a2, respectively. A small amount of material 
was also seen in the £ region. 

On carboxyimethyl-cellulose chromatography, al' eluted 
just after al (at a salt concentration near 0.03 M NaCl), while 
a2 eluted at a significantly higher salt concentration (0.065 
M NaCl) (Fig. 6). The individual chains were isolated chro- 
matographically and further characterized. The amino acid 
compositions of al and al' are similar (Table I). The CNBr 
and V-S protease digestion patterns of al' chains which 
appeared pure on electrophoresis (Fig. 6, inset), showed the 
major bands present in al but also had some distinct bands 
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Fig. 3. SDS-PAGE of peptides after CNBr or V-8 protease 
digestion of isolated lamprey collagen chains. A, CNBr digestion 
products of: lane ./, chick «1(I) standard; lann 2, lamprev dermis 
collagen; lane 3, lamprey dermis u; lane 4, lamprey dermis p 1 ; lane 5, 
lamprey body wall collagen; lane 6, body wall a2; lane 7, body wall 
ttl; lane S, body wall lane 9, lamprey notochord type II collagen. 
A 12.5% polyacrylamide gel was used for SDS-PAGE of the CNBr 
samples. B, V-8 protease digestion products of: /an.? /, chick 
standard; lane. 2, chick «2(I) standard; lane. 3, lamprey dermis colla- 
gen; lane. 4, dermis «; lane 5, dermis ft; lane 6. lamprev body wall 
collagen; lane 7, body wall cr2; lane 8, body wall «1; lane 9, bodv wall 
aV; lane 10, lamprey notochord type II. A 10% po I vac ry Iamide <*el 
was used for SDS-PAGE of the V-8 protease samples 



(Fig. ;U, lanes 7, and 8; Fig. 3B, lanes S and 9). These results 
suggest that al and al' are polypeptide chains related by 
degradation, variation in post-translational modification, or 
as products of duplicated genes. The amino acid compositions 1 
of the al and ixl ' chains differ from lamprey dermis collagen 
and from a 1(1) chains of higher and lower vertebrates in their 
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Fig. 4, SDS-PAGE with a 5-12% gradient *rel showing ver- 
tebrate collagenase digestion of the five lamprey collagens. 

Rat tail tendon type I collagen was digested at IS "C for 0, 6, and 30 
h (lanes l-3)\ lamprey- dermis collagen was digested at 18 *C for 0. 6, 
and 30 h (lanes 4-6); the lamprey major body wall was digested at 
18 "C for 0, 6, and 30 h {Uines 7-9); the minor component of the 
lamprey body wall tissue was digested at 18 "C for 0 and 30 h (lanes 
10 and 11) and at 25 *C for 30 h (lane 12); chick type II collagen was 
digested at 25 "C for 0, 6, and 30 h (lanes 13-15); lamprev notochord 
type ri was digested at 25 °0 for 0, 6, and 30 h (lanes 16-18); and the 
lamprey notochord minor component (type XT) was digested at 25 *C 
for 0, G, and 30 h (fanes 19^21). 



h 8 




Fic. 5. SLS crystallite patterns of (a) lamprey body wall 
collagen; (6) lamprey dermis collagen; <c> lamprey notochord 
collagen; and (rf) rat tail tendon type I collagen. The bar 

represents 50 nm. 



collagen precipitated at 0.9 M NaCl in 0.5 M acetic acid, but 
a small amount of relatively pure minor collagen was soluble 
at this salt concentration and precipitated at 1.2 M NaCl. The 
chain with slower mobility could be separated on CMC (not 
shown), and its amino acid composition showed the low 
alanine and high hydrophobic amino acid contents of a type 
V collagen (Table IV, (5)) together with the lower hydroxy- 
proline and higher serine expected for a primitive vertebrate 
(12). Studies of the faster moving band were hindered by 
contamination with the major tvl. chain. 

The major subcutaneous collagen underwent incomplete 
cleavage by human skin collangenase ai. a rate slower than 
that of type I and similar to that, of type II collagen (Fig. 4, 
lanes 7-9). The minor component was not. susceptible to 




Fig. 
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Fraction Number 

. .... 6. Carboxyimethyl-celluiose chromatography of the 
body wall major collagen. The column was equilibrated with 0.04 
M sodium acetate containing 6 M urea, pH 4.8, at 42 "C and was 
eluted with an 0-0.10 M NaCl gradient. The al chains eluted at a 
lower salt concentration than a2 chains (0.032 M NaCl and 0.064 M 
NaCl, respectively). The inset shows SDS-PAGE (6% polyaciylamide 
gel) of selected fractions (circles on chromatogram): lane 1, rat tail 
tendon type I; lane 2, lamprey body wall collagen: lane 3, fraction 33; 
lane 4, fraction 43; lane 5, fraction 52; lane 6, fraction 64. 

digestion by this enzyme, a property which is characteristic 
of type V collagen (Fig. 4, lanes 10-12). The major collagen 
- had-a- sharp thermal transition near 28.5 "C, while-the minor 
subcutaneous collagen melted near 32 °C, with a broader 
meltingprofile. The major subcutaneous collagen formed SLS 
with characteristic type I-banding patterns (Fig. 5). Although 
the minor collagen formed SLS crystallites, we were unable 
to obtain staining adequate for comparisons. 

Notochord Collagen 

Characterization of collagens in the notochord sheath of 
the lamprey was previously reported (17, 18). The. major 
collagen was identified as Iype II, based on its electrophoretic 
mobility, solubility properties, and amino acid composition. 
We compared type II to other lamprey collagens, with respect 
to composition, CNBr peptide pattern, V-8 protease digestion 
patterns, and thermal stability (Fig. 3; and Table I). A minor 
collagen also present in notochord corresponds in its features 
to type XI collagen, in higher vertebrate cartilage (Table IV). 

Lamprey type II collagen was partially digested by human 
skin coilagenase, at a rate similar to that seen for chick type 
II (Fig. 4), which is slower than that for mammalian and 
avian types I and III (10, 11). The minor notochord collagen 
was not digested, even after long time periods (Fig. 4, lanes 
19-21). Both notochord collagens melted at 33 P C. showing 
broad melting transitions and both collagens showed SLS 
crystallite patterns similar to those seen for higher vertebrate 
types I and II collagens (Fig. 5). 

DISCUSSION 

Vertebrates first appeared in the fossil record about 500 
million years ago. The earliest vertebrates (class Agnatha) 
were j awl ess fish with a notochord as the axial supporting 
structure (12). and lamprey and hagtish are contemporary 
survivors of this class. Lamprey tissues exhibiting D -periodic 
collagen fibrils were found to contain five collagen types with 
a pepsin-resistant triple-helical region of approximately 1000 
residues as estimated from electrophoretic mobility on SDS- 
PAGE. These observations imply that at an early stage of 
vertebrate evolution the fibril-forming collagen family con- 
tained at least five members. The three major types form SLS 
crystallites with staining patterns indistinguishable from 
higher vertebrate type L These observations support the 
hypothesis of a critical role for charge distribution and length 
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Table V 

Higher vertebrate fibril- forming collagens and proposed related 

lamprey chains 

Higher ~—— — ~ 

vertebrate Chain Hyl/chain" Hyl/chain 
genetic type cnairi 



al(I) 


5-9 


Dermis a 


6 


a2(I) 


8-12 


Body wall a 2 


11 


*1(II) 


20-24 


Notochord 


22 






al(II) 






5 






al(V) 


36 


Body wall 


34 


<*2(V) 


23 


al minor 




al(XI) 


38 


Notochord al(XI) 


31 


a2(XI) 


40 


Notochord a2(XI) 


37 


a3(XI) 


20 


Notochord a3(XI) 


22 



° Re£s. 8 and 9. 

amino acid composition (15), and its digestion by vertebrate 
collagenase. The molecular packing in lamprey dermis fibrils 
exhibits distinctive features found in mammalian skin fibrils, 2 
including a shorter axial period near 65 nm (36). Kimura (15, 
16) has suggested that the presence of two distinct chain types 
in dermis collagen supports its type I nature, but this molecule 
differs from type 1 in not being associated with a minor type 
V component and in lacking the usual heterotrimeric nature 
of type I since both of its chains are similar to a 1(1) rather 
than one chain having features, of a2(I). Features of dermis 
collagen are consistent with a relationship to type 111 collagen, 
including its presence in skin, its nonheterotrimeric nature, 
and its rapid digestion by vertebrate collagenase. However, 
the distinctive properties that distinguish type III from type 
I, such as disulfide bonding within the triple-heiix and precip- 
itation at 1.7 M NaCl at neutral pH (9), are not found in 
dermis collagen, suggesting these characteristics may have 
developed after the lamprey evolved. Alternatively, it is pos- 
sible that type III collagen in lamprey is particularly sensitive 
to degradation and was not solubilized intact in our prepara- 
tions. 

Studies of dermis collagen led to the suggestion that iden- 
tifiable a2(I) chains did not evolve until after the divergence 
of the lamprey. However, we have identified a collagen type 
in the body wall which contains a chain with a2(I) character- 
istics. The presence of this a2(I)-like chain suggests that a2(I) 
as seen in skins of sharks, fish, and all higher vertebrates did 
not evolve from one of the dermis chains (15, 16) but was 
already present in recognizable form in the lamprey. In addi- 
tion to its heterotrimeric nature, the major body wall collagen 
resembles type I in being widely distributed in different tis- 
sues, in being associated with a minor type V-like collagen, 
and in the similarity of its axial and lateral molecular packing 
to that seen in fibrils of bone and some tendons. 2 However, 
its al and al' chains are distinct from al(I) in amino acid 
composition and resemble lamprey type II chains in terms of 
composition, V-8 protease, and CNBr peptide patterns and 
digestion by vertebrate collagenase. Thus, dermis collagen 
and body wall collagen both have some characteristics resem- 
bling type I collagen, but neither has a traditional chain 
composition, since the dermis molecule contains only al(I)- 
like chains while the body wall molecule contains an a2(I)- 
like chain in the same triple- helix as a chain different from 

Homology between the sequences of al(I), a2(I), al(II), 
al(III), and a2(V) suggest these chains diverged at least 500 



million years ago (37, 38). Our funding of al(I), a2(I), al(II), 
al(V) (or a2(V)), al(XI), a2(XI), and a3(XI) chains in the 
lamprey supports an early divergence of group 1 chains. The 
chains of types II, XI, and V are found grouped in molecules 
similar to those found in higher vertebrates, but no molecules 
were found with a composition corresponding to type I. Our 
data raise the possibility that although the group 1 polypeptide 
chains may have diverged and been present at the time 
vertebrates evolved, type I chains may not have been present 
in the same triple -helices we find today. The presence in 
shark skin of a type I collagen molecule consisting of an a2(I) 
chain closely related to the a chain in lamprey dermis and an 
<*2(I) chain closely resembling the a2 chain of lamprey body 
wall raises the possibility that after the divergence of lamprey 
and higher vertebrates these chains may have joined to form 
the type I molecule of higher vertebrates (Table V). Such an 
association would require changes in the C-propeptides which 
are thought to govern chain selection (1). 

The presence of type II collagen in notochord and type 
I-related molecules in the dermis and body wall suggests that 
different genetic types were involved in tissue specialization 
in early vertebrates. The status of type II and type I-related 
molecules as major collagenous components and types V and 
XI as minor components was apparently established by the 
time the lamprey evolved and has been maintained in modern 
lampreys and mammals. Collagen molecules with amino acid 
compositions similar to type V are found as the major com- 
ponent in some invertebrate tissues with D -periodic fibrils 
(39), suggesting that relegation of type V to a minor status 
may have occurred as vertebrates developed. No lamprey 
collagen occupies the higher vertebrate type III niche, where 
type III comprises 15-40% of total collagen in specific tissues 
such as skin. 

The degree of susceptibility of the five lamprey collagens 
to vertebrate collagenase digestion was a useful property to 
compare with mammalian collagen types. The resistance of 
the minor type V and XI collagens to cleavage and the 
digestibility of the three major lamprey collagens is strikingly 
similar to the situation in mammals and may relate to mech- 
anisms of degradation established early in vertebrate evolu- 
tion. We believe our data characterize the lowest vertebrate 
collagens known to be cleaved by vertebrate collagenase. 

The data on lamprey and higher vertebrate collagens re- 
flects proteins that have evolved separately for over 500 
million years. We believe that the structure of lamprey col- 
lagens closely reflects early vertebrate forms since the body 
morphology of the lamprey today is similar to that seen in 
fossils from 300 million years ago (40). During the develop- 
ment of higher vertebrates from their primitive ancestors, 
there have been major changes in body morphology and 
connective tissues, with the appearance of bone and tendon 
(with largely type I collagen) and marked changes in collagen 
organization in skin. The conservation of fibril diameter, 
molecular packing, and morphology seen for type II fibrils 
throughout the vertebrates is consistent with the conservation 
of type II molecular features. In contrast, types I and III 
collagens have undergone substantial evolution in molecular 
composition since early vertebrates, and this is consistent 
with the dramatic changes in tissues containing these types. 
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